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Deep vein thrombosis after total knee or hip
arthroplasty is associated with increased
preoperative calf muscle deoxygenation as
measured by near-infrared spectroscopy
Takashi Yamaki, MD, Atsumori Hamahata, MD, Daisuke Fujisawa, MD, Hisato Konoeda, MD,
Atsuyoshi Osada, MD, Taro Kono, MD, Motohiro Nozaki, MD, and Hiroyuki Sakurai, MD,
Tokyo, Japan
Objective: To assess whether the preoperative level of deoxygenated hemoglobin (HHb) in the calf muscle during
light-intensity exercise is useful for identifying patients at risk of developing deep vein thrombosis (DVT) after total knee
or hip arthroplasty.
Methods: Sixty-eight patients undergoing total knee or total hip arthroplasty were enrolled. The Caprini risk assessment
model was used to stratify patients into Caprini 5 to 6, Caprini 7 to 8, and Caprini>8 groups. The preoperative diameter
of each venous segment was measured, and the time-averaged velocity (TAV) and time-averaged flow (TAF) of the
popliteal vein (POPV) were assessed. Moreover, the prevalence of venous reflux in the POPV was evaluated preopera-
tively. Near-infrared spectroscopy (NIRS) was used to measure the calf muscle HHb level. The calf venous blood filling
index (FI-HHb) was calculated on standing, and then the calf venous ejection index (EI-HHb) was obtained after one
tiptoe movement and the venous retention index (RI-HHb) after 10 tiptoe movements. All patients received low-dose
unfractionated heparin preoperatively and fondaparinux for postoperative thromboprophylaxis. Patients with arterial
insufficiency, those who had preoperative DVT, and those who developed bilateral DVT after surgery were excluded from
the study.
Results: Four patients were excluded on the basis of the exclusion criteria. Among the 64 patients evaluated, 14 (21.9%)
were found to have DVT postoperatively. Among the risk factors for DVT, only the previous DVT was significantly
predominant in patients who developed DVT (P  .001). The diameter of the popliteal vein was significantly smaller in
patients who developed postoperative DVT than in those who did not (P  .001). Similarly, the diameter of the
gastrocnemius vein was significantly larger in patients with postoperative DVT than in those without (P  .010). TAV
and TAFwere significantly increased in the popliteal vein in patients who developed postoperative DVT (P .043, 0.046,
respectively). Both groups showed a similar prevalence of reflux in the POPV (P .841). The preoperative NIRS-derived
RI was significantly increased in patients who developed DVT relative to those who did not (P .004). The RI increased
as the Caprini score progressed; however, there were no statistically significant differences between the three categories.
Using ultrasound- and NIRS-derived parameters of significance as a unit of analysis, an optimal RI cut-off point of>2.3
showed the strongest ability to predict postoperative DVT, followed by a cut-off point>0.25 cm for the diameter of the
gastrocnemius vein (GV).
Conclusions: NIRS-derived RI >2.3 may be a promising parameter for identifying patients at risk of developing
postoperative DVT despite pharmacologic DVT prophylaxis. A GV diameter of>0.25 cm also seems to contribute to the
development of postoperative DVT. These results might be helpful to physicians for deciding which patients require more
intensive thromboprophylaxis. ( J Vasc Surg 2011;54:39S-47S.)
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rAccurate and immediate diagnosis of venous thrombo-
embolism (VTE) still remains a difficult challenge, espe-
cially after hip and knee arthroplasty. Because of increasing
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doi:10.1016/j.jvs.2011.05.089wareness of postoperative VTE, selection of patients who
equire adequate prophylaxis against it is of primary impor-
ance. Without prophylaxis, the incidence of hospital-
cquired deep vein thrombosis (DVT) has been reported to
e approximately 10% to 40% among surgical patients and
0% to 60% following major orthopedic surgery.1
According to the recent guidelines of the American
ollege of Chest Physicians (ACCP), pharmacologic
hromboprophylaxis has been performed for patients un-
ergoingmajor surgery.1 The results of numerous random-
zed clinical trials and meta-analyses have indicated that the
outine use of both low-dose unfractionated heparin
LDUH) and low-molecular-weight heparin (LMWH) re-
uces the risk of both asymptomatic and symptomatic VTE
esulting from general surgical procedures by at least 60%.
urthermore, extension of the thromboprophylaxis period
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incidence of late episodes of symptomatic VTE.2,3
Near-infrared spectroscopy (NIRS) is a noninvasive
optical method for determination of tissue oxygenation and
hemodynamics. Using a modification of the Lambert-Beer
law,4 today it is possible to obtain quantitative values for
the levels of total hemoglobin (tHb), oxygenated hemo-
globin (O2Hb), and deoxygenated hemoglobin (HHb).
NIRS measurements primarily reflect changes in the small
arterioles, capillaries, and venules.5 Thus, any change in
HHb is presumably a consequence of a change in O2
extraction and microvascular deoxygenation at the site of
O2 exchange, and reflects the balance between O2 delivery
and O2 utilization in the localized region of muscle being
interrogated by NIRS.6 Recent studies have demonstrated
the validity of NIRS for noninvasive measurement of tissue
oxygenation in patients with peripheral arterial disease.7-10
On the other hand, several investigators have attempted to
define the severity of chronic venous insufficiency by mea-
suring changes in HHb, and concluded that NIRS might
be useful for the assessment of ambulatory venous function
in patients with primary valvular insufficiency and for pre-
dicting post-thrombotic syndrome in the early phase of
DVT.11-16
While high-risk groups for VTE can be identified, it is
not possible to predict which individual patients in a given
risk category will develop a clinically significant thrombo-
embolic event. The primary purpose of the present study
was to evaluate predictors of postoperative DVT, including
baseline characteristics at initial presentation as well as
preoperative variables, using noninvasive examination, and
to determine the prognostic impact of these parameters on
the development of postoperative DVT.
METHODS
Patients. Between November 2009 and February
2010, consecutive referral patients who were undergoing
total knee or hip arthroplasty operations were potentially
eligible for the study. The patients’ preoperative character-
istics, including age, gender, body mass index (BMI, kg/
m2), and presence of active cancer, congestive heart disease,
hormone replacement therapy, inflammatory bowel dis-
ease, central venous catheter placement, previous history of
DVT, and renal failure were all evaluated. Then, the
Caprini risk assessment model was used to stratify patients
into Caprini 5 to 6, Caprini 7 to 8, and Caprini 8
groups.17 All patients received two to three administrations
of LDUH (5000 U) per day before surgery, and then
received fondaparinux (2.5 mg started 6-24 hours after
surgery) 7 to 10 days after surgery for VTE prophylaxis. All
of the patients used graduated thigh-high compression
stockings, and a pneumatic compression device was applied
intermittently to the contralateral limb during the opera-
tion. Patients with arterial insufficiency, identified on the
basis of an ankle-brachial pressure index of 0.9, those
who had preoperative DVT identified by venous duplex
ultrasound, and those who developed bilateral DVT after
surgery were all excluded from the study. All patients tnderwent preoperative noninvasive examination 2 days
efore surgery.
Venous duplex ultrasound. The presence of DVT
as diagnosed using compression ultrasound. A color du-
lex scanner (LOGIQ 7 PRO, GE Yokogawa Medical
ystems, Tokyo, Japan) with a 5- to 10-MHz transducer
as used. Initially, each patient was placed supine in the
everse Trendelenburg position at 15°. Examinations be-
an at the external iliac vein, common femoral vein (CFV),
nd then moved to the femoral vein (FV) at the adductor
anal. The anterior and posterior tibial (anterior tibial vein
ATV] and posterior tibial vein [PTV]) veins were also
ecorded. Afterward, the patient was placed prone with the
nee flexed at 30°, and the residual popliteal (POPV),
eroneal (PV), gastrocnemius (GV), and soleus veins (SV)
ere evaluated. The diagnosis of DVT was based on both
oncompressibility of the vein in B-mode, and lack of
pontaneous flow on color Doppler imaging. A diagnosis of
lio-femoral DVT was established if the proximal veins
howed venous thrombus extending proximally to the ex-
ernal iliac vein. A diagnosis of femoropopliteal DVT was
ade if the proximal veins had thrombi without iliac in-
olvement. Finally, a diagnosis of calf vein thrombosis was
ade if a thrombus was detected only in the calf veins.
The diameter (cm) of each venous segment was also
easured before surgery. Venous blood flow measure-
ents were then performed in the affected limb with the
atient prone and the knee flexed at 30°. The popliteal vein
as chosen as the target for venous blood flow measure-
ents because it is a “bottle neck” area in the lower limb
enous circulation, and its anatomical position renders it an
asy target for ultrasound examination.18 From the Dopp-
er frequency shift, the mean velocity of flow was estimated
rom the time-averaged maximum frequency, yielding a
time-averaged” velocity (TAV, cm/s).18 The venous
lood flowmeasurements were carried out at an insonation
ngle of 60 degrees. Furthermore, time-averaged flow
TAF, mL/min) was calculated using the equation: TAF
mL/min)  TAV  area (r2)  60. The vessel cross-
ectional area was estimated from the diameter, assuming a
ircular vessel shape.
Presence of preoperative venous reflux in the POPV
as investigated as described previously.19 The reflux was
valuated at the popliteal fossa and a cuff (Hokanson,
ellevue, WA) was applied to the calf, inflated to 100 mm
g, and then rapidly deflated. A reflux time (RT) of 1.0
econd was considered to indicate incompetence.
Near-infrared spectroscopy. TheNIRS technique al-
ows real-time monitoring of tissue oxygenation, and the
etails of the examination protocol have been described
reviously.13-16 The light source of the device (OM-200,
himadzu Co, Kyoto, Japan) consists of three laser beams
f different wavelengths (780 nm, 805 nm, and 830 nm).
his instrument was employed with a sensor containing the
ight source and two separate detectors fixed at distances of
.5 cm and 4 cm from it. The sensor was placed firmly on
he posterior aspect of the calf, over the medial head of
he gastrocnemius muscle, using adhesive tape. The light
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was 4 cm, so the penetration depth was estimated to be 2
cm (Fig 1). Changes in the hemoglobin concentration were
treated as absolute values (in mol/L). The patient rested
supine initially for 5minutes with the leg elevated on a foam
block. The patient then adopted a standing position with-
out putting any weight on the leg being studied, resulting
in an increase of deoxygenated hemoglobin (HHb) con-
centration as the veins filled. The patient was then asked to
keep still until a plateau (HHbV) had been reached. The
calf venous blood filling index (FI-HHb, mol/L s) was
calculated by dividing 90% of the venous blood volume
(HHbV90) by the time taken to fill 90% of the venous
volume (HHbFT90). Then, the patient was asked to per-
form one tiptoe movement with weight-bearing on both
legs, which produced an ejected volume (HHbEV), and
then return to the initial position, the change inHHb being
observed. The calf venous ejection index (EI-HHb) was
calculated as HHbEI  HHbEV/HHbV. After a new
plateau had been reached, the patient was asked to perform
10 tiptoe movements to achieve venous expulsion (HHbE)
and a subsequent retention (HHbR). The venous retention
index (RI-HHb) was determined as HHbRI  HHbR/
HHbE (Fig 2). It took approximately 4 to 5 minutes to
complete the examination, and the 10 tiptoe movements
were completed within 10 seconds.
Study outcome. The primary study outcome was the
development of postoperative DVT at 1 month. Compres-
sion ultrasound of the lower extremities was performed on
postoperative days 7, 14, and 30. Postoperative DVT was
defined as the presence of a noncompressible segment of
the vein in B-mode, and lack of spontaneous flow on color
Doppler imaging, as described above.
Statistical analysis. All data were analyzed using the
SPSS software package (Version 16.0; SPSS Inc, Chicago,
Ill). Comparisons of numerical data between groups of
patients were made using Student’s t test or one-way anal-
ysis of variance, followed by Fisher’s PLSD post hoc test. 2
contingency table analysis was used to evaluate differences
between proportions. Continuous data were expressed as
mean  standard deviation (SD). Statistical significance
Fig 1. Schematic diagram of the instrument employed.was defined as P  .05. fESULTS
Patient characteristics. Sixty-eight patients were en-
olled, among whom four were excluded on the basis of the
riteria described above. This left 64 patients who were eligi-
le for the study. There were 13 males and 51 females with a
ean age of 69.9 years (range, 21-86 years). Among the 64
atients, 33 underwent total knee arthroplasty, and the re-
aining 31 underwent total hip arthroplasty. The mean BMI
f the study patients was 23.1 kg/m2. Of the 64 patients
valuated, 14 (21.9%) had postoperative DVT. The distribu-
ion of postoperative DVT is shown in Table I. Two patients
eveloped symptomatic femoropopliteal DVT, and the re-
aining 12 had asymptomatic calf DVT. Thirteen patients
ere found to have DVT on postoperative day 7, and the
emaining one had developed isolated SV thrombosis by
ostoperative day 14. No further VTE-related complications
ere encountered during the follow-up period.
Table II shows the baseline results grouped according
o the presence or absence of postoperative DVT. There
ere no significant differences inmean age, BMI, or gender
istribution between patients with DVT and those with-
ut. With regard to risk factors for DVT, only the previous
istory of DVT was significantly predominant in patients
ho developed DVT (21.4%, 0%; P  .001, respectively).
Ultrasound-derived parameters. Table III shows the
reoperative venous duplex ultrasound-derived parameters
or each group. The diameter of the POPVwas significantly
maller in patients who developed postoperative DVT than
n those who did not (0.69  0.07, 0.73  0.13 cm; P 
001, respectively). Conversely, the diameter of the GVwas
ignificantly greater in patients with DVT than in those
ithout (0.31  0.06, 0.26  0.07 cm; P  .010, respec-
ively). There were no significant differences of vein diam-
ter in the other venous segments. The TAV in the POPV
as significantly higher in patients with postoperative DVT
han in those without (7.11  5.38, 6.10  3.99 cm; P 
043, respectively). Similarly, the TAF in the POPV was
ignificantly greater in patients who had DVT (239.6 
69.1, 196.5  117.3 cm; P  .046, respectively). The
revalence of POPV reflux in the two groups was similar
21.5%, 24.0%; P  .841, respectively), and there was no
ignificant intergroup difference in the RT (3.94  2.12,
.62  2.25 cm; P  .650, respectively).
NIRS-derived parameters. Table IV shows the pre-
perative NIRS-derived parameters between patients with
ostoperative DVT and those without. There was no
ignificant difference in the FI between the two groups
0.12  0.12, 0.16  0.14 mol/L · s; P  .086, respec-
ively). Similarly, there was no significant intergroup differ-
nce in the value of EI (0.37  0.21, 0.40  0.22; P 
588, respectively). In contrast, the value of RI was signif-
cantly higher in patients who developedDVT than in those
ho did not (7.62  8.34, 1.83  2.30; P  .024,
espectively).
Table V shows the preoperative NIRS-derived param-
ters between patients with postoperative calf DVT and
emoropopliteal DVT. There were no meaningful differ-
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and femoropopliteal DVT.
Ability of ultrasound- and NIRS-derived parame-
ters to predict postoperative DVT. Using ultrasound-
derived vein diameters and NIRS-derived parameters of
significance as a unit of analysis, separate receiver-operator
characteristic (ROC) curve analysis was conducted, and the
most suitable cut-off points with the highest accuracy and
minimal false negativity and false positivity for discrimina-
tion of the two groups were then identified. First, an
optimal cut-off point of 0.78 cm for the diameter of the
POPV did not have any power to discriminate between
patients with and without DVT (area under the ROC curve
0.60; 95% confidence interval [CI], 0.47-0.77; P  .219,
respectively). Second, the clinical discrimination perfor-
mance was significantly increased when a cut-off point of
0.25 cm for GV diameter was used (area under the ROC
curve, 0.72; 95% CI, 0.59-0.82; P  .009, respectively).
Finally, a NIRS-derived RI cut-off of 2.3 showed the
strongest ability to predict the development of postopera-
tive DVT, with a sensitivity of 85.7%, a specificity of 76.0%,
a positive predictive value of 50.0%, and a negative predic-
tive value of 95.0% (Fig 3; area under the ROC curve, 0.82;
Fig 2. NIRS examination. Calf venous blood filling ind
blood volume (HHbV90) by the time taken to fill 90% of
to perform one tiptoe movement with weight-bearing on
then to return to the initial position, the changes inHHb
calculated as HHbEI HHbEV/HHbV. After a new p
tiptoe movements, allowing venous expulsion (HHbE)
index (RI-HHb)was determined asHHbRIHHbR/H
Table I. Distribution of postoperative DVT
Distribution of DVT
Postoperative day 7
n  13 patients
Postoperative day 14
n  1 patient
Femoropopliteal DVT
POPV  PVSV 2 —
Calf DVT
PV  SV 2 —
PTV alone 1 —
SV alone 8 1
DVT, Deep vein thrombosis; POPV, popliteal vein; PTV, posterior tibial
vein; PV, peroneal vein; SV, soleus vein.95% CI, 0.71-0.91; P  .0001, respectively). iCorrelation between Caprini score and NIRS-
erived RI. Because all patients underwent elective major
ower extremity arthroplasty, the Caprini score in these
tudy patients was 5 points. To analyze the relationship
etween Caprini score and NIRS-derived RI, patients were
hen stratified into Caprini 5 to 6, Caprini 7 to 8, and
aprini 8 groups. Although the NIRS-derived RI in-
reased as the Caprini score progressed, there were no
tatistically significant differences among the three catego-
ies (Fig 4).
ISCUSSION
This study investigated the relationship between pre-
perative variables and the development of DVT after total
nee or total hip arthroplasty operations. We found that 1)
previous history of DVT was significantly more predom-
nant in patients who had postoperative DVT than in those
ho did not, 2) the preoperative diameter of the POPVwas
ignificantly smaller and that of the GV was significantly
reater in patients with postoperative DVT than in those
ithout, 3) the preoperative value of NIRS-derived RI was
ignificantly higher in patients who developed DVT than in
hose who did not, and 4) a NIRS-derived RI cut-off of 2.3
howed the strongest ability to predict the development of
ostoperative DVT.
Although randomized clinical trials have demonstrated
hat the rates of DVT and proximal DVT 7 to 14 days after
ajor orthopedic surgery in patients without thrombopro-
hylaxis are approximately 40% to 60% and 10% to 30%,
espectively,20 the role of preoperative risk factors in these
atients is not fully understood.Most guidelines for admin-
stration of thromboprophylaxis after major surgery con-
ider age to be a major predictor of VTE. In 1,464,452
ohort cases with 40 different surgical procedures, a steady
ncrease in the incidence of VTE was found in patients
ndergoing appendectomy or cholecystectomy, an increase
I-HHb) was calculated by dividing 90% of the venous
enous volume (HHbFT90). The patient was then asked
legs, which produced an ejected volume (HHbEV), and
observed. The calf venous ejection index (EI-HHb) was
had been reached, the patient was asked to perform 10
subsequent retention (HHbR). The venous retention
. a,Rest; b, standing; c, one tiptoe; d, ten tiptoes; e, rest.ex (F
the v
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arthroplasty, and no effect of age on the incidence of VTE
was found in vascular surgery.21 These results indicate that
the relationship between age and the risk of VTE after
surgery depends largely on the surgical procedures em-
ployed. In another study of total hip arthroplasty, the risk
factors for symptomatic VTE were a body mass index of
25 kg/m2, a history of previous VTE, and age 85
years.22
Another factor that might affect the development of
postoperative DVT is venous hemodynamics. In a series of
110 patients undergoing total knee replacement surgery,
McNally and associates measured venous blood flow using
Table II. Baseline characteristics grouped by presence or a
D
n  1
Demographic data
Mean age (years) 67.2
Male gender, No. (%) 2 (
Total knee arthroplasty, No. (%) 8 (
BMI (kg/m2) 23.7
Risk factors for DVT
Active cancer (%) 0 (
Central venous catheter placement (%) 0 (
Congestive heart failure (%) 0 (
Hormone replacement therapy (%) 0 (
Inflammatory bowel disease (%) 0 (
History of DVT (%) 3 (
Renal failure (%) 2 (
Stroke (%) 0 (
Caprini score 7.80
BMI, Body mass index; DVT, deep vein thrombosis.
aStudent’s t test. Values expressed as mean and SD.
bPearson 2 test.
Table III. Preoperative ultrasound-derived parameters
n
Venous diameter
Common femoral vein (cm)
Femoral vein (cm)
Deep femoral vein (cm)
Popliteal vein (cm)
Anterior tibial vein (cm)
Posterior tibial vein (cm)
Peroneal vein (cm)
Gastrocnemius vein (cm)
Soleus vein (cm)
Duplex-derived parameters in the popliteal vein
Venous flow
Time-averaged velocity (cm/s)
Time-averaged flow (mL/min) 2
Venous reflux
Reflux times (s)
DVT, Deep vein thrombosis.
aStudent’s t test. Values expressed as mean  SD.
bPearson 2 test.strain-gauge prethysmography before surgery, after sur- wery, and after discharge from hospital. They found that
here was a significant reduction in the mean venous capac-
tance (P  .001) and mean venous outflow (P  .004)
ffecting only the treated leg. The reduction of both pa-
ameters was maximal on postoperative day 4, and the
alues of both parameters increased after day 4 until com-
letion of the study period.23 More recently, Sasaki et al
easured pre- and postoperative mean venous flow volume
n the femoral vein using venous duplex ultrasound. For
oth total knee and hip operations, they found that the
ean venous flow volume on days 3 and 7 was significantly
ower than the preoperative value, and that there was no
ignificant difference in this parameter after 2 or more
ce of postoperative DVT
ients
No DVT
n  50 patients P value
.8 70.6  12.6 .308a
) 11 (22.0) .506b
) 25 (50.0) .686b
0 22.9  5.2 .545a
3 (6.0) .348b
0 (0) N.S.b
3 (6.0) .348b
0 (0) N.S.b
2 (4.0) .447b
) 0 (0) .001b
) 2 (4.0) .160b
0 (0) N.S.b
10 8.21  1.67 .785a
VT
patients
No DVT
n  50 patients P value
 0.11 0.72  0.17 .537a
 0.07 0.59  0.14 .052a
 0.06 0.51  0.12 .777a
 0.07 0.73  0.13 .001a
 0.06 0.27  0.08 .737a
 0.11 0.26  0.07 .594a
 0.10 0.30  0.10 .989a
 0.06 0.26  0.07 .01a
 0.15 0.38  0.15 .726a
 5.38 6.10  3.99 .043a
 169.1 196.5  117.3 .046a
1.5) 12 (24.0) .841b
 2.12 5.62  2.25 .650absen
VT
4 pat
 10
20.4
57.1
 4.
0)
0)
0)
0)
0)
21.4
14.3
0)
 1.D
 14
0.74
0.56
0.53
0.69
0.30
0.28
0.32
0.31
0.36
7.11
39.6
3 (2
3.94eeks compared with the preoperative value.24 These re-
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7 postoperative days. The initiation of DVTmight decrease
after 2 or more weeks following total knee or hip arthro-
plasty. However, these results do not indicate which indi-
vidual patients actually develop postoperative DVT because
these reports only investigated the changes in the venous
flow after the operation and did not correlate the decrease
in venous flow with the development of DVT. Therefore,
there is no evidence that normalized venous flow by 2
weeks is associated with decreased risk of DVT. Indeed, in
the present study, increased preoperative TAV and TAF
were significantly associated with postoperative DVT and
were considered to be unreliable parameters for prediction
of postoperative DVT. The significant reduction of POPV
diameter coupled with an increase in the diameter of the
GV might reflect a previous history of DVT.
The overall prevalence of DVT after major lower ex-
tremity arthroplasty in our study was 21.9%, which was
relatively high compared with that reported in a recent
study.25 At our institution, the prevalence of DVT among
all referral patients has been30% for the past 10 years. We
have been trying to rule out even small isolated calf vein
thrombi as well as proximal vein thrombosis, because
missed diagnosis directly reflects the low sensitivity of ve-
Table IV. Preoperative NIRS-derived parameters
between patients with postoperative DVT and those
without
NIRS-derived
parameters
DVT
n  14
patients
No DVT
n  50
patients P valuea
On standing
Filling index
(mol/L s) 0.12  0.12 0.16  0.14 .086
During exercise
Ejection index 0.37  0.21 0.40  0.22 .588
Retention index 7.62  8.34 1.83  2.30 .024
DVT, Deep vein thrombosis; NIRS, near-infrared spectroscopy.
Values expressed as mean  SD.
aStudent’s t test.
Table V. Preoperative NIRS-derived values in patients
with postoperative calf DVT and femoropopliteal DVT
NIRS-derived
parameters
Calf DVT
n  12
patients
Femoropopliteal
DVT
n  2 patients P valuea
On standing
Filling index
(mol/L s) 0.18  0.14 0.14  0.12 .883
During exercise
Ejection index 0.32  0.16 0.57  0.30 .192
Retention index 7.98  9.35 6.28  3.43 .293
DVT, Deep vein thrombosis; NIRS, near-infrared spectroscopy.
Values expressed as mean  SD.
aStudent’s t test.nous duplex scanning for diagnosis of DVT. hThe first observations of tissue oxygenation using
IRS were made by Jöbsis.26 This technique has been
ubsequently refined and applied to studies of cerebral
ig 3. Ability of NIRS-derived RI to predict postoperative DVT.
n optimal cut-off point of 2.3 for RI-HHb had the highest power
o predict the development of postoperative DVT, with a sensitiv-
ty of 85.7%, a specificity of 76.0%, a positive predictive value of
0.0%, and a negative predictive value of 95.0% (area under the
OC curve, 0.82; 95% CI, 0.71-0.91; P  .0001, respectively).
ig 4. Relationship of Caprini score to NIRS-derived RI. There
ere no significant differences in the values of NIRS-derived RI
etween the 3 categories. Caprini 5 to 6 versus Caprini 7 to 8; P
635. Caprini 5 to 6 versus Caprini 8; P  .185. Caprini 7 to 8
ersus Caprini 8; P  .187.emodynamics.27-32 By choosing an accurate distance be-
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Volume 54, Number 19S Yamaki et al 45Stween the source and the detector, NIRS can provide direct
measurements for any muscle of interest, and over the last
two decades, many groups have applied this technique for
evaluation ofmusclemetabolism.33-35Our previous studies
of the use of NIRS-derived parameters for venous disease
revealed that 1) RI 2.9 as measured by NIRS had strong
ability to predict the development of post-thrombotic syn-
drome, with a sensitivity of 100%, a specificity of 82.1%, a
positive predictive value of 66.7%, and a negative predictive
value of 100% in patients with a first episode of DVT,14 2)
a combination of FI0.2 and RI2.9 was able to discrim-
inate early from advanced chronic venous insufficiency with
a high sensitivity and negative predictive value,15 and 3)
NIRS-derived RI3.5 was the strongest predictor of post-
thrombotic syndrome at 6 months after DVT.16 Among
the parameters evaluated in the present study, NIRS-
derived RI 2.3 was the most effective one for predicting
the development of postoperative DVT in patients under-
going total knee or total hip arthroplasty. These results
indicate that impaired ambulatory venous function may be
the strongest predictor of future venous malfunction. Pa-
tients undergoing total knee or hip arthroplasty may al-
ready have impairment of calf muscle pumping due to lack
of activation, leading to postoperative DVT. In this study,
we did not find any evidence of residual thrombus at the
time of preoperative examination among study patients.
Therefore, we are uncertain whether a smaller POPV cou-
pled with a larger GV in these patients is really attributable
to previous DVT. However, our previous studies have
proved that there is a close relationship between previous
DVT and an increased NIRS-derived RI. Although further
studies are needed to clarify this issue, an increased RI
might be a marker of previous DVT.
Most prophylaxis trials of VTE have recommended the
extended use of pharmacologic prophylaxis for patients
undergoing total knee and hip arthroplasty. The recent
ACCP Guidelines for Prevention of VTE recommend that
pharmacologic thromboprophylaxis be extended beyond
10 days and up to 35 days, using LMWH, vitamin K
antagonist, or fondaparinux after this type of surgery.1
Even after discharge from hospital, the prevalence of symp-
tomatic DVT after cessation of 7 to 10 days of thrombopro-
phylaxis was 2.2%.36 Because there is currently no way to
identify orthopedic patients in whom symptomatic VTE
will develop, prolonged used of thromboprophylaxis is
recommended for all patients undergoing major orthope-
dic surgery of the lower extremities. In the present study,
we demonstrated that increased preoperative RI was signif-
icantly associated with postoperative DVT. Patients who
undergo these operations may potentially have impaired
ambulatory venous function in the affected extremities,
leading to a high incidence of postoperative DVT. Further-
more, 13 of the 14 cases of DVT (92.9%) were noted by
postoperative day 7, suggesting that such patients may
require an increased dose of anticoagulation for throm-
boprophylaxis.
Use of the Caprini Risk Assessment Model can suggest
appropriate prophylaxis for surgical patients.17 This model Aas been validated for 30-day VTE events among general,
rology, and vascular surgery patients.37 Recently, the
aprini score has been employed effectively to risk-stratify
lastic and reconstructive surgery patients for VTE.38 Al-
hough no statistical significance was demonstrated, the
resent study indicated that there was a tendency for the
IRS-derived RI to increase with the Caprini score, which
ight reflect the fact that patients at higher risk of postop-
rative DVT have increased NIRS-RI.
Our study had some potential limitations. First, we
xcluded patients in whom preoperative DVT had been
dentified using venous duplex ultrasound, even though it
s recognized as a high-risk factor for thrombus extension.
ur previous study had demonstrated that the presence of
reoperative DVT identified by duplex ultrasound was not
redictive of postoperative propagation of DVT or new
TE formation in patients receiving pharmacologic throm-
oprophylaxis.39 Second, our study had a limited sample
ize, which may have introduced a potential for type II
tatistical error. Further analysis of the risk of postoperative
VT was difficult to perform (eg, comparison by age
ecade, by BMI according to the criteria of the World
ealth Organization, and by duplex-derived peak reflux
elocity). A large sample size will therefore be required to
onfirm the relationship between the investigated parame-
ers and clinical outcome. Third, despite the existing con-
roversy about whether or not calf DVT needs to be
reated, we did not find any meaningful difference in pre-
perative NIRS-derived parameters between patients with
ostoperative calf DVT and these with femoropopliteal
VT. This result implies that NIRS-derived RI was only a
redictor of the presence or absence of postoperative DVT.
inally, we examined venous parameters only in the af-
ected limbs, because most patients undergoing total knee
r total hip arthroplasty could not tolerate weight-bearing
n their affected limb during NIRS examination of the
ontralateral limb. As the prevalence of postoperative bilat-
ral DVT is reported to be high among patients undergo-
ng total knee arthroplasty, our exercise protocol during the
IRS examination will need to be improved.
ONCLUSION
A preoperative increase of calf muscle deoxygenation
uring exercise is highly associated with postoperative DVT
n patients undergoing total knee or hip arthroplasty. A
educed diameter of the POPV coupled with an increased
iameter of the GV might indicate a previous history of
VT, which is also a risk factor for postoperative DVT.
lthough a further validation study will be required, the
resent results may be very helpful for physicians when
ttempting to identify patients who require more intensive
hromboprophylaxis and those who do not.
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